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(54) OPTICAL WAVEGUIDE ARRAY AND ITS 
PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
waveguide array which is formed with a continuous region 
where a refractive index change and a decrease of 
intrinsic absorption are induced by condensed 
irradiation with a pulse laser beam in the inside part 
of a glass material. 

SOLUTION: The interior of the glass material 7 contg. 
metallic particulates, semiconductor particulates, 
transition metal ions, rare earth ions, anion, etc., 
having the intrinsic absorption in a wavelength range 
longer than 360 nm is condensed and irradiated with the 
pulse laser beam 5 adjusted in its focal point 6. The 
change region where the refractive index change and the 
decrease of the intrinsic absorption of the wavelength 
region longer than 360 nm are induced is thereby 
continuously formed in the glass material 7. The change 
region has the greatly different optical characteristics 
between the non-condensed and irradiated part and the 
non-changed region and is, therefore, used as an optical 
waveguide. 
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l nmm 1 ] 3 6 0 n in J: *) £1 >&g8PfttcBft«JK 
fcBfl&rSoSWtatf 3 6 0 n m«t Ofil'ttfiftttOg* 

*jff*«?!fs^. *&&w-f*>, *±3M*y. m-<* 
>© i @x«2 ®iu±v$> 4*#aas87 w. io 

[SWOB 3] 36 0nm£9ftl>»JMRi«tCll?raiD( 
0 , m&imO'g.i t& t>' 3 6 0 n m J; 9 fit > ifcSlg$S©@ 

MiSrffl«»«l«-tf<C3»»e». B«T*©3MfcRtf 3 6 0 n m 

^©sj&^a. 

[0 00 1 ] 

[mm±<Dmmmi) *$m\z. *rart»«cjB*r*©a 

ftKi>*3 6 0 n raj: <?St>SSSfflJ|{©@WKJR©^i>*s 
[0002] 

[fie*©***) %v 7 4 Ji&&itoc7 u-ftttca*^ 

*j$-»-cc»s. *©/cs>, nntt (na) tc*i^r<&ft 

©f?®-c *« o si l . jt7T-i ^-©ms-HM k -< > 
-y««*GSs-r4. o*>u hjps <na) tctas-r 

£2fe b/c 9 . -Y ji - S>tttt©ti£K:tt{3£=> > V X V 

©ffiT-^est^ j - «©»wfiT*3 1 **bc r. * 

¥1 - 1 8 0 1 8 0-^4>$R, !f$!3¥3 - 3 8 9 6 
«9£JS ) . C ©^&«:fi£ o fc#**»7 U A tt. fc 4 
AtfS 1 K^-T J: 5 3 7 1a ©JSffl£II#r*©/J^ 
ftp? *j K 1 bSO'iKTfeftl 1 ct--fiteaaL/fc*7 
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5* H*Jb^flWU*TiII«:iJl*K4^-SH!>? 
[0 00 3] 

[«WJ»*»bJ:9 4-r«WHI) «*(*H1 cfSll/ 
/eft? 7^<i r«. ^ i©g5Stt*sg^3 nsc 
£ *> . Rftt* a i c Kttffl^isfi ^W4*s$ii^ 2ft*. 
$/c «R*wg i c (omj&vyfr? y4*\ -Simxzmt 

«RSfWf« C £*>IBrt-3*iW« (3-n, rtffff 
BJ^SO 7 9 7 1 1 2 - A 1 ) . C©^T?tt. fc£x 

m< ess-r a-f ^-yts$R©a*s<gT-rs. **wb. 

C©J:5ttWH*»}B-r'<<*ttS*ifcfe©-c**). ^ 
jgS^tCfflW®JR€: t o©JRifef??r#tt^7^1vt*4© 
rtSP^^-JU^u— IfTt-cmMS^-racitcJ:'? . JffiJr 
*©K^^^««©S««kiR©«feJ>**e*fcj*tt 

^*** ^ ^^©wspKia^wtc^ l . c ©sa^ffi 

[0004] 

[»H«r»i?l-r4ft:»©#«] *»W©3t3l«l87U-f 
»> *<Dmm*m2i'fZ>tclb> 3 60nm<tOJIl«g 

£tf 3 6 0 nm <fc OSt^S^©0*®«©j«^^ 

^fcgq^*5*f5 ^^©rtgpicsii^jtc^fiS^ nr i> a 

©HXttZaah* 5 **. C©afe^MK7l/-fB. 3 
6 0 n m«t *)Sl»?gft^«tc@W(ft>R*s*aiRraS 3 & 

*t»3tf5 ^ tm©i*3»«:ai*^*«» o. mjtm<D$zit 

RU 3 6 0 n m J: <0 St^g^©@*®iR©^«:je 

Wb. ®Vrmo>mitRV3 6 0 n m <fc 9Sl>ttAff4! 
©*iR»a*J«i!>U/cJlt!t«il««: ^Mf4©I^SP0C^ 
fiX-r-5C£^J:0^Si^na. 
[0 005] 

[ [fffl ] S SSmHtlc SWlRfR * #o 7 ^ l*)SP left* 
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ait. myt£xts\,>rmvrm&mttz±mc. *>? 

#±S-/*>. 11*4 3 6 0 nmJ: 

[ o o o 6 ] fci ab. ^»|(h^*»*mm&*-«:# 

B. «ttt7«^ttL-Cl>«c^«EK£nctf(c«cO. MM 

a<tr4fc». aB6jfia^«:jt^r*^«s*a<ojHM« 

SK*sW?,®iR^*sjlSii>-rs. — &3fcSB#B. U 
— «f jfcDftftffiUtttC «k •51«^ffi?«J©^b'C^^cSSMgP 

ft^^©SP»©©iR^iftA^S^Bui|5lDT-*2)©K: 
StL»*.*Ttt!RiR^»*s«iJ>L/-CJ,»4C i*>6. 3*^8 

B. Au. Cu, Ag, Plt5WDgttfitf-#*3. 
BS&^iLTB. fciiK. CdS. CdSe, CdT 
e. CuCl, CuBr, ZnS. ZnSe I?©fi8&^ 

[0 0 0 7 ] #±iSH'^>. P#-^> 

i. RSWIilCCibofcSWKWmiaXB^TS. - 
* . ; -ou x u - ir£<Dft£MM tc J: 0 . IHRXJIIMIIMC 

*-5^tmrtspta^snTi^„ corns 

mJ*>£bXlt. Cu". V 3 \ V". Ti 3 \ Ni 
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Co", Fe", Fe", Mil 3 *. Mn", C 
r 3 ', Cr", Mo 4 *^©iaXB2ffiJil±**'7^W 

r 3 \ Nd", Sm 3 \ Eu", Dy", Ho 3 ', Er 
3 \ Tm", Yb 1 *. Ce". Sm". Eu", Yb'* 

m<o i axtt 2 «jsjub*#5 **m«cs* £ a c i**-c 

*S. i>f*>iUH OH" . o'-, F" ^©11 

xb 2 mx&kHv* tmtc^s ti-* c i *st* a. 

[0 00 8 ] ^^S§B. 3 6 0 n m 4: 0 Rt^SffiUS 

tfcii»««*»l(Sr*ci«:j:»)«j6Sns. C© 

8S360n mJWTteBWKiK* fc-P&iM&St*** 
3*t«4tci3£l/Ct>. *'7^W2fg<*©HWtRiR7553 

SJ§rfr^Cirt>631fltt{.£fcE , !**m^ 1,#>U E 
W«RHXf- ^ifcfefr* 3 6 0 n mJi(T-C* -o X i> 3 6 0 n 

*fe Kit'* 3 6 0 n mW±©RJR^8t*si9^cCT 
U— 9 , -*©^7feBS84ic<fco-C^»©i|X!ft® 
©360n m«±©®JlX{^©«^*^c S©-C*tlK 
P>W«tl». !f3feiL-CB. ^^^.©SSIW:J:oT^ 
tt**s. ffl*r^©^^bRCJC3 6 0 nmJ:Dfil>iSfi«l 

tJJfflTi« u— tf-^ju^5t©b--^y;9-SKB > 1 
^;u^syt0©ai^?i*^¥- (J) (#) 

(W/cm 1 ) r-^$n-5„ 

[0 00 9: m\m<&mtm?2> 6 o nm «t •jgvnfog 

•&f-^^^9-S;S*5 1 0 s W/cm' -lO^W/c 
m 3 -C*2.Ci*5MS L.C>. t-^^7-afflt*Jl 0 s 
W/cm ! «*«a#KJ:r>-C<>abiap»- 
xmifrm<DmtR^3 6 0 n m«t OSC^StS^iWSW 

*510 1, W/cm J 4Mx-2>i. m**t(^©^r4) 
40 Btr&DKft&tf 3 6 0 n m J: *J g^ig^I^K 

[0010) U— 9-76© t" -^^•c-gS*5|i) |;t**n 
B, mim<DmilkV : 3 6 0 n m«t«3g^i!SSSR»a©ll 

j«^B . u - ^©^ < a * < at a « i ® 

50 ^♦3©Wtl » U - i IH D 9 - Sf IX «r# S fcdt>tC B# 
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^^ft^^X©^©^^^^ 5£. #5 

ioo] i ] m*frttytmmmgi%f8.2-ez>±v 

-©,#JILJ§»3£ 10kHz. b < (i 1 0 0 k H z 

miamhtiuiK #7Xtt*4x«»#.s©fB>tt 
mow*. \s-i?ftzmm?% s. l& l . hi ><;u*jr« 

#JI}/T3MRtf 3 6 0 n mJ: •JSl^fi^OSW® 

■9T«BELJB»I<D±IH*«B93ES 
[0012] 3 6 0 n m<fc 9Slu&fttttttCB#Ra& 

/c w bir mc ytm&mmmgzi urn 3 

6 0 n m «fc 9fil»«fi^©B«lft*©»il>#£i;. # 
tifc U — tf^5 tt. 12 tcm-r «t 5 tc**& 6 

5 x tm 7 ©rt »«: <&Kf a j: 9 torn* i/ > x 8 m<Dm 

^STgf,n, #5:*tti|5f7K:tti*f3*iS. SUb&6 
£ # 7 * 7 Ort»tH*l»» § # 5 i £ . ffl*T*ie 
<tRt>*3 6 0 n m«t •3S^jSSffi^©HW!ajR*Sj*^b 
fc*8HW**i:tf ? **H47 ©rtWtcjBiSS ft*. JM*fl*j 
(Ui. U-1f^5©a?^6«:>ftL^7^Wit47 

5 X 7 CC*t L T $ it a. 

[0013] ffl»f*gEftatfBBRC«4>**£&/c«* 

**a«tbri>4fc*. %mws& \ i (S3) ii,tsffl 

#*«881 l©KiSi^TStt. **u>X6© 
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S/c#fc:tJ. 3 6 0 n mJ: 9&l>i8£ffiiAtcStt!ftJ|X* 
(a) S.t>'KM0 (b) **f«it<!WKi»«JSTU^* 

lifi-c, i*g©7tiss»gi i *»Bsr*. 3g$&k 

. 1 *S©?ci»i&SS 1 1 6 Xft 

f47©rti$Tffi^fii3tt£H2XfIitJ: 9. 2#@© 

itctO. MKOdtaittKl 1 . l 2 • • 
fc7fe*i^S8TU^ l 0*TO$n*. MMi 1 , 1 
2- -jWJgflEStifca^Ttt. a*f*C«^fcRCf360 
n m £ 0 ft t>aKS$i#tC@*f !RJR©i)fci>a5j@ t f ^2>. 
AS*. 0B**Mlt8IJ2 4rtt. Jffl»r*©SE<tRCf360 
n m <fc 0 ftl»'«JM»«©H*»iR©»iWie#-C 
^. 0/c35^T, jftgftffgl 1 . 1 2 • • ©HW©iRi« 

%Z AWT 5 £ . #^»3feMS-ISP 1 9 ©$RiK<&a#MS4iiJ 
20 DT*-5.©«:>Pt l/«jfejS6 t:ii©JR«S![* s ^LT 
l>iCiA^, T^igSSl 1. 12- •ZftLXAftyt 

ifinmj:<&Mzn. %mm&i 1.12- -*>6iin 

[0014] 

[^M0fl] Hti50!)l : AuJUtt^^Bl^^^^fc* 

SiO, : 7 2SSSP, B 2 0 5 : 1 8mS§|5, Na, 
30 0 : 1 OSfiSP, Sb, : Au : 0. 0 

2 sggp©ifSij££ ioAu mk*&tt*'5 * am? % 

/cfc. SiO, , B, O, . Na, CO, , Sb, 0> 

^iS=lrftl^fc„ iB^taf*4 0 0 g ?rSa3 OOccOfi 
&*7#tcSAU *«WiJl 1 4 5 0-C-C2WfIB«» 

KSfeUji*. j!$5mm©®tCJS§/U »iPL/c„ 1#<E> 
n/c2/5X^4 5 0-C-CT--JUb. ^trl^iLfc. 

L/. 7 0 0*CT8»$M«#Lfca. ^rtTflt^Lfc. 
*aS^©^7^?r^JtR • W^L/. lOmmxiOmmX 
2 mm©I^»)BttO«»)i-4«I «J Ltc. *'-5 
©jf«$x^^ h^aiJ5ebfciC5. 5 8 OnmJMT 

[0 0 15)^'t, S2CC^-rj:'5{c > iivXimi 

©ft sbk^.s. 6 A^ag-r ?> j: >> K.myt u >x s x-m ~> 
y z ^faicmh^ftLumh^T- -vx.il v zsm i 

50 SL. XttRC/Y«i*I*l«r®Sl//cttSSTZtt 
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5(C«. 7^3>U--tf-i!jg<D^^>-y-7T^TU'- 
1f -^ISJS 3 ft7c; "Ob* ifll • 5X l O- 13 }Rjg 
U)HW2 0 0kHz. jftfi8 0 0nm-C¥M3tB*5 0 0 
mW©^Jl>* U-1f-*£*feJS C7c„ im\k<r>ii=!? 7M. 
n 5 %ta^-r 4 4 . 6 <D®1ftm& 0 . 0 1 7c W± 
#?l/T(,>7c. ®ifr%<D^{tR.U' 3 6 0 n m «fc Ofit^S 
$3*s2©B«fyK©a&i>«, J f 3 #tf - #-© 
C<5@$IST'£D7c. 

[0016]*'7 7 &U/Ximit& 6 fcii&lfl 10 
tcz$4 (Mi) ^CCffifcHM&S-tfSCiKJ:*). tf-? 

s©xatiigig 1 1 zmtSLVucmmbtc. ytmms 1 1 © 

J&0Hm». *P£K:8 0 0 nro©l — ■ V-%*ti=>X&. 
87<CAI*U JBHfJPSE<fc«:'iec 0TC»4W»tCO*CC 

s nr I » 4 C i * C i tc J: o »ar * 

7c. *fc. WJHffJ©ifi«»«*>6. 3t«^?§] l©BJrM 
#iS& (372) 1 5 um-C&ZCtttW-ytc. 
SSI l©^^*-^ h;i/=&ffi'J^brcii^m*^H6 
(a) JC#&tl*.fc5(C. Au»tt^{cJ:-9-C»«l3ti 20 
TUTci&g^ (ft 5 80~400nro) ©©««&&#« 
ii>L. *fe«ffe3!)Stt<tt-ofc^*^^S[SSl lilt 
BJ&ZtlT \,*tt. &*%JIK*4»&] 9-Ctt. Mil 

^o^t^dasn^^-D/c. #5t»sgi 10371 

tt. ^U>X8©M-£ffiI&£lf*4e£fcJ:*)i9gpT 
£7c„ 27c. 8 0 0 nm©ii&gS:kou- tf-;# 1 tt# 

1. 5 5 Mm) y- : ?CVti z y7,m$%*:$k% 
.WW Lfc»£T<>. R««WfflSr*«ftREX3 6 0 nmJ: 
9 m»«g^©@WK»K©«^*sSB«4<* txTc. 30 

[0017) **5*!#ft7AJU-tf-:£5TJ!SSt3ft& 

«9itd4fc. ^l-t. i &m<o%mm& 1 itc»Lr 

«ftc*'5 ^^73ay f /X«*^6«:a^K)3 
i* 1 *g©jft*»B 1 1 tmm 2 *g©:£ag!£S8 1 

tcin-fj:^ Mfe©7fc>gi£ggl 1. 12 • -WfK 

*3tJi«»l 9T#SKft»l 1 . 1 2 • • 

j!i&S§7 W^CO^T. 5 5 0 nm©afcg©:£&fl3l,>-t 
t>1HiL/3>h7* f-*fSB£U/c£C4. &i£f 4J±fSfJ 

1 (oimmmtrmzmm uximutc?mm&7 u -c 

(Cit&UT , fO<SH3>h7^|- 1?* o 7c. 

[0018) mmm2 ■. c u»tt^»ik^5^*ffli»*: 

S i 0, : 7 2«fiSP. B, O, : 2 OfiSSB. Na, 
0 : 8SH8P, Cu : 0. SnO : 0. 2 5 

fi%©«?r 4>oC u {Rtt-T^tt^/? X*fHMf «fc» 
K. HWM»*iUCS iO, . 8,0,. Na, CO 50 
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s , Cu, O, SnOSffi-E^lyfc. EA©*4 0 
0g***Wl<tl5iaiCflnJ»»jl¥Lr. /f26mm©1£ 
£f#7c&. 4 5 0"C©r--JHCj:D5**M6S0A:. 

T-#^L. 6 5 0"Ct 5 4B$r H 1«J#L/dt, jPft-Oftftb 
7c. «M&B»©2/SX*ttJK • W»U 1 0 mm x l 0 
mmX4mm©#-7*l^£^9teL,/£„ #5*8*4© 
iSS**-^ h;l/?rS"J3cL/fciC4, 6 2 0 nmJyT© 

[0019) fMK3hfcif7^KR7 *£tt0! 1 £|§!« 
tC^A* U -If # 5 -emicMSI L tc. mMtk<D#7Z& 

m 7 zmm? z t . 6 ©s^a^ o. 01 /cw ± 

<DC<i§.mfflvmifim<D$H£%.V3 6 0 n m<fc 

3 ■& 4 C 4 K «fc «j . iBWtKO^SKSEK 1 14*'^ 

«, fcb«ffl"J©ifitftlf^^6^ig!S©K3B**i£S (3 7 
S) 1 5 it/mT*4Ci*J*iJr>7c. 1 1 ©SiS 

^-ii' hJU?rS'J^bfc^*^T0 6 (b) K*6tl 

(ft 6 2 0 ~4 0 0 n m©^S) ©««««3W«il>U. 

i Q-ax. aba*©sc{b*Jttms*itt*>-3 

7c. 

[0 020) 1 $:S©^« 1 1 ifefSHb/ca. 

0"J1 tra*tt^«r2*B«»©*awfa»i 2 • • «r» 

t«R©%^Kl 1,12- -*«HfKBSn. 

s^7J©s^f^Ro'@wsnR ; &*t^#L/7c^sl7fc^^gI5 1 9 
x-iemmzi 1.12- ■ im*)m*in.-tc%w<m7 \s 

C 4. lffl*r*^t7c»%*J»U/ctte« 1 ©*»»»7 ■ 
U -i 1 tctb$5 LtiK m»«fi% * L7c„ 
[0 02 1) *te^'J3 : A ff»«lt^«^5^*ffll»/c 

SiO, : 7 2 ILfiSfl, C a O : 2 0 JtfiSfl, N a , 

0 : 8SfiS5. Ag : 0. 4SSSB, S n O : 0 . 21 

mucomm* $>-oa e aerf-^ta**^ xzitm? 4/c© 

(C. SiO, , CaCO, , Na, CO. . Ag, O, 
SnO©J0R*4»**&l¥«b. ie^b7c„ K^»5S4 0 0 

g*ss3 oo c c©p t;i/?#icA*i. Am^am* 

1 4 5 o*c-c2^raa»i/<c*ie>tt«!i«jBL7t. 

JBL/c^7^*>6l5JfiWl i|5]t*(C0T. AgaH-7-© 
ffffl(Cj:-5T|teiCC#feL7'c] Ommx l 0uiuiX3m 

DKo^^^sm^iLfc. Age&e-?©UTaj(c«. m 

M*p*. *ajaK5*C/»-C»iaL. 5 5 0*CT?4B#H 



(6) 

9 

mm*'** Y>\>%ffl£\stctZb. 42 0 nmJi(T© 

[0022] vtmtitcij?x&$mt%th> mmm i 
mxzmmtz t . $k%& 6 om^ifi o . o i tan. 

s.ffiVt<Dftmm3§\ immsttfc. comma,, m 

1 3 #*-#-©<: < JSB$|BJ-C£ D /c„ ftigfttt 
1 1 CWKfiSinfiilK. JHS5K80 OnmCl/- 

ft&Bffi 2 fix I » a c 4 Zmmt i> C 4 K J: 0 HI BT £ 

(3 71) 1 5 um<J>Wm*i>r>X\,*tc. KMffiZM 1 

i©^^*^£ H;i/£®jSL/c^£7p-rii6 u) 

(^4 2 0~~3 6 0 nm) <DKiR^Sj[*sj«^L. 
SM&«fe**ft<tt-»fc«l**JjefiSStl"C«,>fc. ft 20 

fc. #i>r. %tt«ii ira«{cL.r2*aetK©*i»i« 

S§ 1 2 - • * 1 #@<D3fc2S$8§ 1 1 iWKML, H 

4 tc^-rtsai* butmmzT u^raujc. 420 

1509 2 ©7fe^&?§T u tetb^T^ L- < «rfflT* o 

[0023 ] £%fl.4 : PtWlf»l!^^«ffll>Jt 
#*tt!S7W 30 
SiO, : 7 2SSSP. B, O, : 1 8SS95, Na, 
O : 1 OaSSB, Sb, O, : 2SMSI5, P t : 0. 0 
5SSSB. ©«HS*4>oP imL*#ft#5 
£teat>, SiO, , B, O, , Na, CO, , Sb, O 

&©^ji$£S«JDlv/e. iB£$5fc4 OOg £SS 3 0 0 
c c©P t-U^tfCtAft. A^fflfU 4 5 0-C-C2B3 

niteMi tisiiicLt, p tea^©*ffffltc«toRfe(c 

#feb/cl 0mm xi 0mmX4mni©**7rijt?4^ 40 
SL-fc. P tfc&T-OtfttKtt. J?fijtS5 
•C/#T#itU 6 0 0-C"C4H*WffiftLfc». JF&T 

«'J5ELfc4C3, 7 5 0-4 0 0nm©5J^«©^(C 
*t L- . 2 0 % 4 * -3 fc. 

[00 24] fMK3*ifc#5;*K*47 K*tU Hffiffl 1 
4l§l1itc/<;l/^ u— y- 1 raXKMtL-fc. fi$H&©K 

ft«:tl*t&!!li3tt£C4CcJ:«3. #5*1**4 7 ©rtSlHc 50 
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H8tt©3fc*«!S 1 l^TO§tx/c„ tOfc^Ccfc. * 
6 KfeWSfflM-^^bRCXllHt©ilX©^W. ± y 
f 3 #*-*--© C < *§B#W|-e£ C fc. SfeSHftK. 
1 1 O^jsfetaffltt, HPIHt 8 0 0 n m©U— Jf-3t*S 
BUttcAMU B»r*»t*JBC l/T I, >S 
3fe&*£» 3 n-C l » 4 C 4 %S»Jt 4 C 4 tC i ») # 

fc. ifc. tfaM(Pjj©damif[t*^. j^Kfiffii lues 

(371) 15wm©W?:^Tl>fe. 
1 ©fijS^*^ t> Y ^WfiLLtc 4 C 5. P t Wsfr iC 
ioTffiJRSnxl^cjgS^ (1*17 5 0~4 0 0 nm) 
©«iW*»>W»<J> L . < ft o A:tH%^fi£ 

ft*Miii?hitc*n)fc. ^^r-, ^sswi tmmcux 

2*a«»<Wti»«l81 2 • • * 1 *a©JfcS*SSK 1 1 
4¥tf(CSJfiSL s H4 K*r»iS%«>o3t*ija»T U A 
^[fMt/c. 6 0 0 n m©^S©3fe=Jrffl^T3fe2gffiJST 
U-f©^ajU3>h5-^ h%DHSL/c4C-5. WSft&SL 

(002 5) mmm 5 :cuci mtimti&juzzm 

SiO, : 6 5MSSI5. A 1, O, : 6SfigP. B, O 
j : 1 7mfiSI5. Li, O: 4fifig|J, Na, 0:41 
gSP, K, O : 4SfiSP. CuC 1 : 0. 5MSSP, S 
n O : 0 . 2ffifiiS(5©Jffl«;?rt>oC u C 1 WfrHHStf 
7 7>*?mT2>?c#>, SiO, , A!, O, . B, O 
, . Li, CO, , Na, CO, , K, CO, , CuC 
I, Sn 0©«*st©3R«rffJl • E^l/fc. 12^19^4 0 

0 g^gfi3 0 0 c c©P t Jl<-;>**icAft. A^#aS(, 
* 1 4 5 0X!r2l9M«»l/«c^6»ttMS»bte. 

ig^tfc*^^*?., trntikftz-mx-. lom 

mx 1 0mmX4mni©*' ; 7X!^%{lFli!L-/c«, CuC 

1 HMt^f OffWWltt. ^m^tp> ^iS3g5 0 C/»t*^- 
S b . 5 5 0 'CX 4 H$M^p b Mks tP^T 4ftftfeUl?r 
SffiL-/Cc *'-5^l**4©jgia*^--c^ h^SffiLfci 
C 5. 3 8 0 n mJ^TOifeBO^cSt-r SSiS^^O % 

[0026] ffsia n/c**7xt^47 tew o. xtfcffl 1 

mxz®.m-r h t . si^=b 6 comiKm&o . o 1 m-fjz 
nux^tc. itc. tmixtemyt&Q&mmc-ij 

mw&mbmtiivz i i^fix§n/c„ c©ti^tc^, « 

f}X » f 3 -#-©er< jsi^BBraE c fc. ^« 

I l ©Jf^infSJ«. HKtc 8 0 0 n m©U— !f-Jt*K 

j6*<ejs $ nx i ^ c 4 srtiffl'jTt- 4 c 4 *c «fc *) mux # 

(3 Til) l 5 /jra©Kffij^i>-5Tl>/c„ ^^SSggPl 



XL 

*t,Cj:iTmR2tiri>tc<&g:% (&}3 6 0-3 8 0 n 
m) <Dm&{mtm'Pbtcm®&Mf8.-2h-CMc. - 

[0027] $?c. 8 0 0 nm©?&g£4>-?U-1f-:5fc 

(ctx, ^o&g (fcixa:, *2A»ft (shg) * 

-C*-54 0 0nm-^ilffigSwO]. 3 um-Pl . 5 5 
iS^Tfe, m&omtir^it&U 3 6 0 n m «fc <3 io 
1 i^«(CLT 2^e«p^©^®g2 12- • £ 1 #1 

cD5feJ»iss§ 1 1 iffiicMi. m4i<tn<tm&%i>^ 

?tmm%7 W fcfHKbfc. 3 8 0 n m©&fi©7fc£ffl 
OTftig$?§7 U-f (Omm 0 3 > h 7 X I- *gj£ L/c £ 
C 5 . HtfFStttttt SrfUffl LtcimW 3 ©3ti§igSg7 

[0 0 2 8 ] H*eW6 : Co'W5]->tWiJ7^^l> 

SiO, : 72*fig|S. B, 0 3 : 2 Ofi-fiSB. Na, 20 

0 : 8SMSR, CoO : 0. 0 5 fcoC 
oW*>^#7*£ftMT-£>/cii?HC. SiO, , B 
, O, , Na, CO, . CoO<DjmmJ£4:Vm.-&& 
btc. E£t&5fc4 0 0 g?:gi3 OOccOPt Jl^tf" 

tcAti, 1450 -c^m^-c 2 isra^i* u 

Li^rJl;*6mm©ffiK:j!£MU <$£PL/d£. 45 0 
•CCDT--JKC«ti3M«- ; S:I^SU/c 0 :£U-C. Sf 

BiLtc. 5 50~7 0 0nro&cgftiKSr*fc-OCo'*£BE 30 
^L/c/cto. ff 6ti/c*'5^.!«cDjiia^-<^ 
^L/ciC5. 5 5 0-7 0 0 nm©7fe4C>Pt-r-5^ji$ 
^0%-C*-3/c. 

[0 029 ] hfc# 7X1**47 CC*t U Xfttt 1 

ttUUKCW;* U— 5 T**7t.BIS^ t/c„ «§>]&©!* 

faKtBWSSoi*i*&C<!:«CJ:»3. #7Xi#f47©rtSB«: 

1 1 ©JfcJKJOlfSJtt. UPgtC 8 0 0 nmCDU— »f-*?ri^ 

/c. WW«J©jfi«IHIW»6. 7tz»?K?gl lt£&& 
(371) 1 5 um<Dttirffi£fcoT<,>/c. ftiSifSKSn 

i © m&m z^fhfrzmnbtctcz. co"^> 

KJ; otSiR?htl>/cteS (#}7 00-55 0D 
m) ©0S<!m&#«'J>U *S*&#tt<fc-5fc««# 
MJtiTi*. — MJUWRMSl 9T-W. jgjgg 50 
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wstittfiikaztittiflvtc. »i>-c, njfewi iKfiMc 

LT 2*It(|(!)I«« 12- • * 1 *S<W6*«B 
U fcfBHLfc. 6 5 0 n m©*fi<W6*J8t>T#i*i£ 

[0 03 0 ] Xtt097 : N i 2 * -Y *>^WJtf9^*ffll» 
fc#ig&B87U-f 

SiO, : 7 2SS$3, B, O, : 2 O^SSE, Na, 

0 : 8MBB. N i O : 0. 2SS§P©fflJ?X?: fcON i 
"■4 Xls-gHtivZaVmtZtcitolC. SiO, , B, 
0 3 . Na, CO, , N iO©JSt**»**ff*-B2^L. 
tc. 15^*9^4 0 0 g £§S3 OOccCDPt KVtfbC 

An. *$wsh$v i 4 5 o °ct- 2 n$ram# u ettUM 

UtlOmmXl 0mmX5nim©*'7^s4?4^il 
fc. 4 5 0~5 5 0 nmtORiK?g£fc-3N i J '*Jffi^$ 
fttvs/cJ!). f#6n/c*'-7^f*!f4©Mii^-^i' 
«'J5£Lfc £ C 3 . 4 5 0-550n mCDjgS©7tiC*tT 

[0031] vmztitctizximi ic>rtu. »gw 1 
wt&mrz t . mt* 6 ©Jisfsftw o . o 1 /cw± 

a=^tt©^2S^ssi ia«swc co«*Kt. m 

K a IM- - *-©C < ^Btrfl-f^ D /c„ Tt^iRSS 

1 1 ©J&JfcJmffltt. 0 0 nm©U— lf-3t«:^ 

Tt^ejf ^ tir t » * c i mmt *> c 4 tc «t o sgsg-c * 

fc. Sfc. HM*CW©ifi«IF«*>%. ^jgfKl KSftS 
(37S) 1 5iim©»riH*<>o-CC»/t. 3tiS«S§gI5 1 
l©Sii^^i' h^'Irffl^L/ciC^). N i a * 

tc^^r©jR$nri»/c^s^ <^6 5 0-4 5 on 

m) ©«ttCRtt***2l>U 3|Ee*e3!»Jft<«c-afc««*J 

©^t*^tb$n&*>-3fc. ^^r. niwm ii5i«itc 

24:smcD%«tt8g 12- • 5: 1 *B<W6»«B 

5 5 0nra©j£S©7M:J8l>T7£2»$? 
!(g7U-f©^lUL3>h-5'^ h*5fiISL/ciC5. ISflr 
Wfttt***W«U-fctfc«« 1 ©^*S87 U ^ t,ctt-< 

[0032] mtm8 ■ P r'M^>tfl*'-5X5:ffit' 

ZrF. :5 3*JUgP, BaF, : 2 0*;Ug|5. LaF 
, : 4*JUg|3. A 1 F, : 3*;Ug|3. Na F : 2 O^&Jl- 
§13. PrFj : 1 *)HWZmz b^Pr"-(* >gW 



